Current evidence indicates that individuals exposed to short term elevations in ambient ozone may experience both upper and lower respiratory effects. Some respiratory symptoms and spirometric changes are mild and reversible in nature, while others involve more severe outcomes, including hospital admissions and emergency room visits. However, many questions remain about the effects of acute ozone exposure and the implications of this exposure for chronic disease outcomes. For example, the identification of sensitive subgroups, the delineation of the entire spectrum of health effects due to exposure to ozone, the potential synergy between viral infections and ozone exposure, and the nature of adaptation to ozone are not well characterized. In addition, studies that examine the association between acute responses to ozone and potential biological indicators of a chronic disease process would be desirable. This paper serves to provide an overview of the types of epidemiologic studies that may be appropriate and factors to consider in addressing these questions. -Environ Health Perspect 101 (Suppl 4): 213-216 (1993).
Introduction
Previous epidemiologic and field studies have examined the effects of ozone on several different acute health outcomes, including incidence of asthma attacks, hospital admissions, emergency room visits, cough and other respiratory symptoms, changes in lung function, and decreased exercise performance. Controlled chamber studies of exercising adults have recorded the occurrence of respiratory symptoms, spirometric changes, and effects on bronchial reactivity of 1, 2 or 7 hr ozone exposures. Taken together, such studies indicate that individuals experience both upper and lower respiratory symptoms, apparently of a mild and reversible nature, in response to current ambient levels of ozone. However, at this time, many questions remain about the health effects of acute ozone exposure. For example, the existence of a sensitive subpopulation, the role of respiratory infection prior to exposure, the effects of ozone on allergic response, the interactions between ozone and other pollutants or aeroallergens, the relevant averaging time for ozone exposure, the relationship between exposure and response, the lowest level at which effects are observed, and the role of averting behavior all are not well characterized at this time. In addressing these uncertainties, several factors need to (3) (4) (5) explored the relationship of daily oxidant (rather than ozone) concentrations to daily symptoms that included cough, chest discomfort, sore throat, and eye irritation. These studies suggest that eye irritation, cough, and chest discomfort are related to daily exposure to oxidants.
Evidence of morbidity from acute ozone exposure also is provided from studies of hospital admissions. For example, in southern Ontario, Canada, Bates (10) (11) (12) , and healthy, exercising, nonsmoking adults in New York (13) . These studies indicate a dose-dependent relationship between ozone and lung function parameters, including FEV, and peak flow. However, the implications of these small changes in lung function for either acute symptoms or chronic respiratory effects are uncertain. Of note, the measured changes in pulmonary function were greater than those predicted from comparable levels of ozone administered in controlled chamber studies, suggesting that chamber studies do not accurately represent effects of the mix of exposures experienced by the general public.
Representativeness of Previous Findings
It is uncertain whether the existence and magnitude of these same acute health effects related to air pollution can also be expected to occur for the population as a whole. For example, it is unclear whether the effects exist only for those people receiving a high effective dose of ozone (ozone concentration x duration of exposure x ventilation rate), such as children at play or adults vigorously exercising, or for people who may be particularly vigilant about reporting changes in health status (i.e., student nurses or asthmatics). To date, epidemiologic studies have used 1- 
Relating Acute and Chronic Effects
Because of the difficulties inherent in conducting long-term epidemiologic studies, few studies have attempted to relate chronic exposure to ozone to subsequent health effects. Some studies compare two or three different cities and statistically relate the differences in respiratory symptoms or pulmonary function to the general ambient air pollution levels observed in those cities (14) . These cross-sectional studies typically suffer from several shortcomings, including imprecise or unmeasured pollution exposure during and prior to the study and the lack of information on commuting patterns, income and education, health habits and practices, and averting behavior. Nevertheless, the findings of these studies suggest that the development of chronic disease may be associated with long-term exposure to ozone. 
Exposure
Readings from fixed-site monitors should be adjusted, to the best extent possible, to refine exposure estimates by including factors such as study participants' time spent outside; use of air conditioning; and the time, location, and intensity of exercise or other heavy exertion. Until now, few epidemiologic studies have collected or used such information to improve the measurement of exposure. It would be useful to know which, if any, of these factors actually make a difference in the estimated pollution effect. For example, it may be more effective to have broad indicators about the time, location, and level of exercise for a 3-to 6-month period than very detailed (e.g., every 15 min) time-activity diaries for only short periods of time. Likewise, it may be sufficient to have information on simply whether a gas stove or air conditioner was used on a given day (or even if one is in the house) rather than exactly when and how long these appliances were used and the precise location of the survey respondents. The less detailed questions will facilitate longer study periods and perhaps larger sample sizes. With this information, subsequent research efforts could make better use of survey resources, and could improve and streamline survey instruments.
An additional issue relating to ozone exposure is the appropriate length of the averaging time. Because the acute toxicity of ozone appears to be dose-related and because people spend more time outdoors on the sunny days that favor ozone formation, it has been proposed that the ambient air quality standard for ozone incorporate a longer averaging time (18) . Several studies indicate that exposures of 7 hr at concentrations as low as 0.08 ppm ozone elicit respiratory symptoms and significant decrements in pulmonary function (19, 20) . Therefore, measurement of ozone concentrations as both 1-hr daily maximum and longer-term daily averages, especially in areas where these measures are not highly correlated (i.e., where there is a large peak to mean ratio), would be useful.
Confounders and Effect Modifiers
Survey research methods for collection of relevant data should be developed to account for such potential confounders or effect modifiers as temperature and humidity, active and passive smoking, and use of gas stoves and air conditioners. In 
Study Design
Research on acute effects should focus on study designs, such as the use of panel data, that minimize the potential for confounding and omitted variables. With panel data, the collection of health and exposure data for many individuals over time enables the use of analytical techniques where individuals serve as their own statistical controls. It would be useful to develop panels from one source when possible (e.g., one medical practice) to minimize reporting or demographic differences and differences in diagnostic and treatment patterns. In addition, the concurrent analysis of healthy individuals with those with chronic respiratory disease may be useful. Panel data can be used to explore changes on both an individual and group level. On an individual level, the panel can be used to examine the relationship between individual response rates to ozone (based on individual-level analysis) and other factors such as the existence and severity of disease, allergic status, the indoor environment, or health awareness and practices. It would be useful to use multiple sites for this study design. This would aid in determining factors unique to each study population or location (e.g., pollens, allergies, weather, and pollutant mixtures) that may affect the baseline rate of disease and the response to air pollution as well as the reproducibility of the effect.
Despite administrative and subject recruitment costs, there are several distinct advantages to large-scale studies. For example, these studies have greater ability to detect an effect (i.e., statistical power) among a population if one truly exists. Also, with a larger and more heterogeneous sample comes the ability to stratify the sample and thereby enhance the likelihood of identifying sensitive subgroups, differential responses to air pollution, and interactive effects between air pollution and other risk factors. It may be useful to obtain and use more detailed data for a subset of the entire group to improve exposure estimates and determine the existence and degree of the effect of exposure misclassification. 4 
